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ABSTRACT 

A significant decline in Antarctic total column ozone and 
upper air temperatures 1 has been observed in recent years. 
Furthermore, high correlations between monthly mean val 
lies of ozone and stratospheric temperature have been 
measured above Syowa, Antarctica 2 . For the observations 
reported hen*, data from TOMS (Total Ozone Mapping 
Spectrometer) aboard the Nimbus 7 satellite, have been 
used to examine the 11)80 to 1090 decrease in total column 
ozone above i lie South Alricau Antarctic base of SANAE 
(70'IS 1 S, 2 "2 1 1 W). The cooling of the Antarctic strato- 
sphere above SANAE during this period has been inves- 
tigated by examining upper air temperatures at the 150, 
100, 70, 50 and 50 hPa levels obtained from daily ra- 
diosonde balloon launches. Furthermore, these two data 
sets have been used to examine long-term, medium-term 
and short-term correlations between total column ozone 
and t he temperatures at each ol the five levels. The trend 
in SANAE total column ozone has been found to be -4.9 
DU/year, while upper air temperatures have been found 
to decrease at around 0.5 l, (!/year. All analysis of monthly 
average SANAE total column ozone, has shown the de- 
crease to be most, severe during the mouth of September 
with a trend of -7.7 DU/year. A strong correlation (r 2 
= 0 . 92 ) has been found between yearly average total col- 
umn ozone and temperature at the 100 hPa level. Daily 
ozone and temperature correlations show high values from 
September to November, at. a time when the polar vortex 
is breaking down. 

INTRODUCTION 

A significant decline in Antarctic total column ozone and 
upper air temperatures 1 has been observed in recent years. 
Furthermore, high correlat ions between monthly mean val- 
ues of ozone and stratospheric temperature have been 
measured above Syowa, Antarctica 2 , tor the observa- 
tions reported here, ozone dat a were obtained from TOMS 
(dotal Ozone Mapping Spectrometer) aboard the sun- 
synchronous Nimbus 7 satellite. This experiment pro- 
vides, on a daily basis, the global distribution of total 


column ozone. For each day in the period 1980 to 1990, 
total column ozone data have been extracted from this 
data set for the South African Antarctic base of SANAE 
(70°18’ S, 2°'2V W). Version 6 TOMS data have been used 
for each year except 1989 where version 5 data have been 
used. However, an algorithm based on comparisons be- 
tween version 5 and version 6 TOMS data in 1987 and 
1988, has been used to normalise the 1989 data with re- 
spect to the other years of data. Monthly averages of 
these daily values have been used to investigate the de- 
crease in SANAE total column ozone over this period and 
the months for which this decrease has been most severe. 
Yearly averages have been used to quantify the general 
long-term decline in SANAE total column ozone. 

The cooling of the Antarctic stratosphere above SANAE 
during this period has been investigated by examining 
upper air temperatures at the 150, 100, 70, 50 and 30 
h Pa levels obtained from the midnight radiosonde bal- 
loon launches performed by the South African Weather 
Bureau. 

Furthermore daily correlations between SANAE total col- 
umn ozone and upper air temperatures have been inves- 
tigated. Daily correlation coefficients at the 150, 100, (0 
and 50 hPa levels, in a 31 running window, have been 
computed for each day of 1980 to 1990. 

OBSERVATIONS AND DISCUSSION 

Monthly average SANAE upper air temperatures 

Monthly averages of daily upper air temperatures, at 150, 
100, 70, 50 and 30 hPa, have been calculated for each 
year from 1980 to 1990. Figure 1 shows the data for the 
150 hPa level. Only the even numbered years have been 
shown for clarity. Monthly average 150 hPa temperatures 
during January, February and March, appear to have de- 
creased over the 1 1 year period, with a minimum during 
the years 1984 to 1986. During the winter months of June 
to September, a decrease in temperature from 1980 to 
1990 is noticeable. The long-term cooling observed dur- 
ing November and December over the 1 1 year period, is 
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MONTHLY AVERAGE 150 hPa 
TEMPERATURE: SANAE 1980 TO 1990 
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Figure 1: Monthly average SANAE 150 hPa temperatures: 1980 to 1990 
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interrupted l*y an unusually high monthly average 1 tem- 
peratures in 1988 where an early final warming occurred. 
It has been reported' 5 that the* Antarctic atmosphere in 
1988 was strongly perturbed by planetary wave activity 
resulting in an early circumpolar vortex breakdown. 

The data set shown in Figure 1 together with similar data 
sets for the other levels, have been used to determine lin- 
ear trends in the monthly average temperatures for each 
month at each height. Statistically significant results in- 
dicate that monthly average temperatures have decreased 
by between 0 and 0.6 "(’/year from 150 to 50 hPa during 
the first 7 months of the year, and by between (Mi and 1.0 
°(‘/year from 150 to 70 hPa during December. 

Monthly average SANAK total column ozone 

Figure 2 shows the monthly average SANAE total column 
ozone from 1980 to 1990. Again, only even numbered 
years have been shown for clarity. No data are available 
for June since SANAF is in the polar night during this 
month and TOMS can make no measurements. Figure 
2 shows a clear decline in monthly average SANA 18 total 
ozone. The high values sec i i early in the period are absent 
in later years. Attention is drawn to the high total column 


ozone during the last four mont hs of 1988. This correlates 
well with the unusually high temperatures observed dm 
iilg the same period as seen in f igure 1. Note in f igure 1 
the very low values ol below '2o0 ])! observed in Sep! em 
her and October in recent years. Linear t rends in mont Idv 
average SANAK total column ozone show that the long 
term decrease has been more pronounced in the post- 
winter months, with a maximum trend ol -7.7 1)1 '/year in 
September. This compares with a value of 2.\ 1)1 ’/year 
over t he January months. 

Yearly aver age SANAK total column 
ozone and upper air tempera! ur vs 

Figure 5 shows the yearly average SANAF temperatures 
at the • )(), /(). 10(1 and 150 hPa levels together with the 
yearly average* SANAK total column ozone. The 50 hl‘a 
level was excluded since much of these data were missing 
and interpolation resulted in unrealistically high values. 
Figure 5 shows a very good correlation between vearlv 
average total column ozone and upper air temperatures as 
demonstrated by the ozone and temperature correlation 
coefficients (r values) listed below: 
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MONTHLY AVERAGE TOTAL COLUMN 
OZONE: SANAE 1 980 TO 1990 



1980 

1982 

1984 

1986 

1988 

1990 


51) liFn : o.sn 
70 hFa : 0.S0 
UK) hFa : 0.90 
1 51) hFa : 0.9:5 

The highest, ozone an<l temperature correlation is achieved 
at (he 100 hFa. level. Furthermore, linear fits to each of 
the rurves shown in Figure :{ reveal the following treinls: 

f, 0 hFa : -O.Ti '(’/year 
70 h Fa : -0.29 ”(!/year 
100 hFa : -0.:i 1 ( 7/year 
150 hFa : 0.2(i "(’/year 
Ozone : 1.9 l)U/year 

l liis analysis suggests that the long term decrease in to- 
tal column ozone over SANAK is closely followed by a 
decrease in upper air temperatures between 150 and >0 
h Fa, 

I )ailv t.t >t al column ozone ajel 
upper air temperature cor relat ions 

( ’ot relat ion coefficients have been computed between pro- 
files of SANAK total column ozone and temperatures at 


the 150, 1 00 .. 70, 50 and :50 hFa levels for each day of 
the period 1980 to 1990. A sliding window of width :51 
days, sets the length of the profiles examined and results 
in 1 correlation coefficient, for each level per day. kig- 
ure 4 gives an example of the daily ozone and tempera- 
ture correlation coefficients for 1990. It can he seen that 
the best ozone and temperature correlations are generally 
observed at the 100 hFa level between day 2/0 and *510 
where r^ values exceed 0.7. I he results trom all years indi- 
cate that the highest ozone and temperature correlations 
are observed at the 100 hFa level around the month of 
November ol each year. Correlation coefficients (r values) 
in excess of 0.95 art* reached on occasion. Qualitatively it 
appears that the best correlations between total column 
ozone and upper air temperatures, are obtained during 
the time of the vortex breakdown. However this requires 
further investigation. 
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Figure 3: Yearly average SANAE temperatures at the 50, 70, 100 and 150 hPa levels and 
yearly average SANAE total column ozone: 1980 to 1990 
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Figure 4: The 1990 daily total column ozone and 150, 100, 70, 50 and 30 hPa temperature 

correlation coefficients for SANAE 
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